To probe the star-formation (SF) processes, we present results of an analysis of the molecular cloud G35.20−0.74 (hereafter MCG35.2) using multi-frequency observations. The MCG35.2 is depicted in a velocity range of 30-40 km s −1 . An almost horseshoe-like structure embedded within the MCG35.2 is evident in the infrared and millimeter images and harbors the previously known sites, ultra-compact/hyper-compact G35.20−0.74N H ii region, Ap2-1, and Mercer 14 at its base. The site, Ap2-1 is found to be excited by a radio spectral type of B0.5V star where the distribution of 20 cm and Hα emission is surrounded by the extended molecular hydrogen emission. Using the Herschel 160-500 µm and photometric 1-24 µm data analysis, several embedded clumps and clusters of young stellar objects (YSOs) are investigated within the MCG35.2, revealing the SF activities. Majority of the YSOs clusters and massive clumps (500-4250 M ) are seen toward the horseshoe-like structure. The position-velocity analysis of 13 CO emission shows a blue-shifted peak (at 33 km s −1 ) and a redshifted peak (at 37 km s −1 ) interconnected by lower intensity intermediated velocity emission, tracing a broad bridge feature. The presence of such broad bridge feature suggests the onset of a collision between molecular components in the MCG35.2. A noticeable change in the H-band starlight mean polarization angles has also been observed in the MCG35.2, probably tracing the interaction between molecular components. Taken together, it seems that the cloud-cloud collision process has influenced the birth of massive stars and YSOs clusters in the MCG35.2.
INTRODUCTION
The birth mechanisms of massive stars ( 8 M ) and clusters of young stars are still being debated (Zinnecker & Yorke 2007; Tan et al. 2014) . Using the effort of various Galactic plane surveys spanning from near-infrared (NIR) to radio regime, it has been observed that molecular clouds often host dark clouds, infrared shells or bubbles associated with H ii regions, and young star clusters. Hence, observationally, the understanding of physical processes in such sites is very challenging, indicating the onset of numerous complex phenomena involved in star formation. At the same time, these sites are extremely promising to probe important observational evidences which can directly allow us to validate the existing theoretical scenarios concerning the formation of massive stars and stellar clusters. More details about the theoretical mechanisms of massive star formation (MSF) can be found in Zinnecker & Yorke (2007) and Tan et al. (2014) . Interestingly, the collisions between molecular clouds can also provide the appropriate conditions needed for MSF and birth of star clusters (e.g., Habe & Ohta 1992; Furukawa et al. 2009; Ohama et al. 2010; Inoue & Fukui 2013; Fukui et al. 2014 Fukui et al. , 2016 Torii et al. 2015 Torii et al. , 2016 Haworth et al. 2015a,b) . However, the observational evidences of star formation (including massive stars) through the cloud-cloud collisions are still very scarce. Therefore, it demands a systematic investigation of a given molecular cloud using the observational data having both large field-of-view and high resolution at wavelengths which probe obscuring molecular materilokeshd@prl.res.in 1 Physical Research Laboratory, Navrangpura, Ahmedabad -380 009, India.
als.
Situated at a distance of 2.0 kpc (Birks et al. 2006; Zhang et al. 2009; Paron & Weidmann 2010) , G35.20−0.74 (V lsr =33 km s −1 ; Seta et al. 1998; Paron & Weidmann 2010 ) is a nearby star-forming complex that contains at least two active star-forming condensations, G35.20−0.74N (hereafter G35.20N) and G35.20−0.74S (hereafter G35.20S) (also see Figure 4 in Mooney et al. 1995) . These condensations are active sites of star formation and contain some well known sources, such as EGO G35.20−0.74 (Cyganowski et al. 2008 ), Ap2-1 (Paron & Weidmann 2010) , and Mercer 14 (Froebrich & Ioannidis 2011b) . In the complex, the G35.20N is very well studied site using various data-sets (including Atacama Large Millimeter/submillimeter Array (ALMA)) and is also considered as main site of MSF activity (see Sánchez et al. 2014 , and references therein). In the G35.20N, Qiu et al. (2013) found the presence of a parsec-sized and wide-angle molecular outflow driven from a strongly rotating region whose magnetic field is largely toroidal. Using the ALMA 870 µm data (350 GHz; resolution ∼0. 4), an elongated dust structure in the G35.20N was investigated and has been found to be fragmented into a number of dense cores (Sánchez et al. 2014) . They further suggested that these dense cores might form massive stars. Using the Very Large Array (VLA) and ALMA observational data-sets, Beltrán et al. (2016) also investigated a binary system of ultra-compact/hyper-compact H ii regions at the geometrical center of the radio jet in G35.20N. Paron & Weidmann (2010) found that Ap2-1 is an H ii region excited by an early B-type star and is associated with the extended 8.0 µm emission. They further reported a radial velocity of V lsr ∼31 km s −1 for Ap2-1 using the Hα and [Nii] lines detected in its optical lowresolution spectrum (see Figure 9 in Paron & Weidmann 2010) . Froebrich & Ioannidis (2011b) reported several molecular hydrogen outflows in Mercer 14 and suggested ongoing star formation in this site (see Figure 1 in Froebrich & Ioannidis 2011b) . Several Spitzer dark clouds were reported in the G35.20−0.74 complex (Peretto & Fuller 2009 ). Together, these previous studies indicate the ongoing star formation activity in the G35.20−0.74 region as well as the formation of young massive stars. Note that the previous works were mainly concentrated toward the sites, G35.20N and G35.20S (including Ap2-1 and Mercer 14). The study of star formation processes in the entire molecular cloud associated with the star-forming complex, ) is yet to be probed. Despite the presence of various observational investigations, the physical processes responsible for star formation in the MCG35.2 are not well explored. A careful investigation of velocity structure of molecular gas in the MCG35.2 is still missing in the literature. The large scale magnetic field structure projected in the sky plane toward the MCG35.2 is yet to be examined. The objective of this paper is to study the physical conditions in the MCG35.2 and to infer the physical mechanisms operating within the molecular cloud. In this paper, we present the results of the MCG35.2 extracted using a more detailed and extensive analysis of observational data from centimeter, NIR, and optical Hα wavelengths. These multi-frequency data-sets are retrieved from various Galactic plane surveys (see Table 1 ). Using these multi-frequency data-sets, we probe the distribution of dust temperature, column density, extinction, ionized emission, molecular hydrogen emission, magnetic field lines, kinematics of 13 CO gas, and young stellar objects (YSOs) in the MCG35.2. This paper is organized as follows. In Section 2, we describe the data selection. In Section 3, we present the outcomes of our extensive multi-frequency data analysis. In Section 4, we discuss the implications of our results concerning the formation of massive stars and young stellar clusters. Finally, the findings are summarized and concluded in Section 5.
DATA AND ANALYSIS
In this work, we have chosen a region of ∼42. 5 × 30. 3 (central coordinates: l = 35
• .144; b = −0 • .845) around the MCG35.2. In the following, we give a brief description of the adopted multi-frequency data-sets (also see Table 1 ).
Radio Centimeter Continuum Maps
We used radio continuum maps at MAGPIS 20 cm and NVSS 1.4 GHz. The MAGPIS 20 cm map has a 6. 2 × 5. 4 beam size and a pixel scale of 2 /pixel. The beam size of the NVSS 1.4 GHz map is ∼45 . These maps were obtained with a typical rms of 0.3 -0.45 mJy/beam. The centimeter radio continuum map traces the ionized emission in the complex.
2.2.

CO (J=1−0) Line Data
In order to trace molecular gas associated with the selected target, the GRS 13 CO (J=1−0) line data were employed. The GRS line data have a velocity resolution of 0.21 km s −1 , an angular resolution of 45 with 22 sampling, a main beam efficiency (η mb ) of ∼0.48, a velocity coverage of −5 to 135 km s −1 , and a typical rms sensitivity (1σ) of ≈ 0.13 K (Jackson et al. 2006 ).
Herschel and ATLASGAL Data
To infer the far-infrared (FIR) and sub-millimeter (mm) emission, Herschel continuum maps at 70 µm, 160 µm, 250 µm, 350 µm, and 500 µm were retrieved from the Herschel data archive. The beam sizes of these images are 5. 8, 12 , 18 , 25 , and 37 (Poglitsch et al. 2010; Griffin et al. 2010) , respectively. The processed level2 − 5 products were selected using the Herschel Interactive Processing Environment (HIPE, Ott 2010) .
The sub-mm continuum map at 870 µm (beam size ∼19. 2) was also obtained from the ATLASGAL.
Spitzer and WISE Data
The photometric images and magnitudes of point sources at 3.6-8.0 µm were obtained from the Spitzer-GLIMPSE survey (resolution ∼2 ). In this work, we downloaded the GLIMPSE-I Spring '07 highly reliable photometric catalog. We also used MIPSGAL 24 µm image and the photometric magnitudes of point sources at MIPSGAL 24 µm (from Gutermuth & Heyer 2015) .
We also utilized the publicly available archival WISE 1 image at mid-infrared (MIR) 12 µm (spatial resolution ∼6 ).
2.5. H 2 Narrow-band Image Continuum-subtracted narrow-band H 2 (v = 1 − 0 S(1)) image at 2.12 µm was obtained from the UWISH2 database. The UWISH2 is an unbiased survey of the inner Galactic plane in the H 2 1-0 S(1) line using the UKIRT Wide Field Camera (WFCAM; Casali et al. 2007 ). The v= 1-0 S(1) line of H 2 at 2.12 µm is an excellent tracer of shocked regions.
NIR Data
We retrieved NIR photometric JHK magnitudes of point sources from the UKIDSS GPS 6 th archival data release (UKIDSSDR6plus). The UKIDSS observations (resolution ∼0. 8) were carried out using the WFCAM at UKIRT. The final fluxes were calibrated using the 2MASS data. Several bright sources were found to be saturated in the catalog. In this work, we obtained only reliable NIR photometric catalog. More information about the selection procedure of the GPS photometry can be obtained in Dewangan et al. (2015) . Our selected GPS catalog contains point-sources fainter than J = 12.5, H = 11.7, and K = 10.6 mag to avoid saturation. 2MASS data were adopted for bright sources that were saturated in the GPS catalog.
2.7. H-band Polarimetry NIR H-band (1.6 µm) polarimetric data (resolution ∼1. 5) toward the MCG35.2 were obtained from the GPIPS. The region probed in this paper was covered in twelve GPIPS fields (i.e., GP1407, GP1408, GP1421, GP1422, GP1423, GP1435, GP1436, GP1437, GP1450, GP1451, GP1452, and GP1464). The GPIPS data were observed with the Mimir instrument, mounted on the 1.8 m Perkins telescope, in H-band linear imaging polarimetry mode (see Clemens et al. 2012, for more details) . To obtain the reliable polarimetric results, we selected sources having Usage Flag (UF) = 1 and P/σ p ≥ 2. These conditions yielded a total of 610 stars. The polarization vectors of background stars trace the magnetic field direction in the plane of the sky parallel to the direction of polarization (Davis & Greenstein 1951) .
2.8. Hα Narrow-band Image We downloaded narrow-band Hα image at 0.6563 µm from the IPHAS survey database. The survey was made with the Wide-Field Camera (WFC) at the 2.5-m INT, located at La Palma. The WFC consists of four 4k × 2k CCDs, in an L-shape configuration. The pixel scale is 0. 33 (see Drew et al. (2005) for more details). The Hα map depicts the distribution of ionized emission.
RESULTS
3.1. Multi-wavelength picture of MCG35.2 An extensive analysis of multi-wavelength data is essential to study the physical environment of a given star-forming complex. In Figure 1 , we show the molecular 13 CO (J = 1-0) gas emission in the direction of the MCG35.2. The 13 CO profile depicts the MCG35.2 in a velocity range of 30-40 km s −1 . The molecular map traces previously known condensations G35.20N and G35.20S that are also seen in the ATLASGAL 870 µm map. The NVSS 1.4 GHz emission is detected toward the G35.20S (see Figure 1) . Considering the previous results (such as V lsr ) on G35.20N and Ap2-1 sources (Sánchez et al. 2014; Paron & Weidmann 2010) , we infer that the condensations G35.20N and G35.20S are physically associated with the MCG35.2. In Figure 2a , we present a three-color composite image made using the Spitzer and WISE images (24 µm in red, 12 µm in green, and 8.0 µm in blue). The image traces several dark clouds within the MCG35.2 and the distribution of these dark clouds appears as an almost horse-shoe like structure. The horseshoe-like structure of the dark clouds is identified based on the absorption features against the Galactic background in the 8-24 µm images. This particular structure is more obvious in the 13 CO emission from 35 to 36 km s −1 (see Figure 2b ). Several embedded stellar sources are also visually seen in the dark clouds at 8-24 µm. Figure 2b is a three-color composite image made using the Herschel 350 µm in red, 250 µm in green, and 160 µm in blue. The 13 CO emission from 35 to 36 km s −1 is also superimposed on the color composite image. The dark clouds appear as bright emission regions at wavelengths longer than 70 µm. The distribution of 13 CO emission is used to depict column density in the outer regions of dark clouds, tracing the horseshoe-like structure. The condensations G35.20N and G35.20S appear to be situated at the base of the horseshoe-like structure. Figure 3a shows the zoomed-in view toward the G35.20N and G35.20S (a color composite image: 70 µm (red), 8.0 µm (green), and 5.8 µm (blue) images). The MAGPIS 20 cm emission is also overlaid on the composite image, revealing radio continuum detections in EGO G35.20−0.74 and Ap2-1. In Figure 3b , the molecular hydrogen outflows are found toward the EGO G35.20−0.74 and Mercer 14, which were previously known in the literature (e.g. Froebrich & Ioannidis 2011b; Sánchez et al. 2014 ). An arc-like feature is seen in the Spitzer 3.6-8.0 µm, which is designated as Ap2-1 nebula (e.g. Paron & Weidmann 2010) . The Spitzer 8.0 µm image of Ap2-1 nebula is shown in Figure 3c and is also overlaid with the MAGPIS 20 cm emission. In Figure 3d , we present Hα image overlaid with the MAGPIS 20 cm emission and find the similarity in the spatial distribution of radio continuum and Hα emission. The 20 cm and Hα emissions are coincident with the 8.0 µm feature. The 8.0 µm feature is surrounded by the extended molecular H 2 emission, suggesting the origin of the H 2 emission is likely caused by ultraviolet (UV) fluorescence (see Figure 3b) .
In Figure 3d , the distribution of ionized emission is almost spherical. Using the MAGPIS 20 cm map and the "CLUMPFIND" IDL program (Williams et al. 1994) , the integrated flux density and the radius (R HII ) of the H ii region are estimated to be 230.3 mJy and 0.17 pc, respectively. Using this integrated flux density value, the number of Lyman continuum photon (N uv ) is estimated following the equation given in Matsakis et al. (1976) (see Dewangan et al. 2016 , for more details). This analysis is carried out for a distance of 2.0 kpc and for the electron temperature of 10000 K. We compute N uv (or logN uv ) to be ∼7.3 × 10 46 s −1 (46.86) for the H ii region associated with Ap2-1, corresponding to a single ionizing star of spectral type B0.5V-B0V (see Table II in Panagia (1973) ). Furthermore, the dynamical age of the H ii region associated with Ap2-1 is defined below at a given radius R HII (e.g., Dyson & Williams 1980) :
where c s is the isothermal sound velocity in the ionized gas (c s = 11 km s −1 ; Bisbas et al. (2009) ), R HII is defined earlier, and R s is the radius of the Strömgren sphere (= (3 N uv /4πn
1/3 , where the radiative recombination coefficient α B = 2.6 × 10 −13 (10 4 K/T) 0.7 cm 3 s −1 (Kwan 1997) , N uv is defined earlier, and "n 0 " is the initial particle number density of the ambient neutral gas. Adopting typical value of n 0 (as 10 3 (10 4 ) cm −3 ), we estimated the dynamical age of the H ii region to be ∼4100(32800) yr.
Together, Figures 1-3 help us to infer the embedded structures in the MCG35.2 and its physical association with the cloud.
Herschel temperature and column density maps
The Herschel temperature and column density maps of MCG35.2 are presented in this section. These maps are generated in a manner similar to that outlined in Mallick et al. (2015) . Here, we also provide a brief step-by-step description of the procedures.
We produced the Herschel temperature and column density maps from a pixel-by-pixel spectral energy distribution (SED) fit with a modified blackbody curve to the cold dust emission in the Herschel 160-500 µm wavelengths. The Herschel 70 µm data are not included in the analysis, because the 70 µm emission is dominated by the UV-heated warm dust. The Herschel 160 µm image is calibrated in the units of Jy pixel −1 , while the images at 250-500 µm are calibrated in the surface brightness unit of MJy sr −1 . Plate scales are 3.2 arcsec/pixel for the 160 µm image, 6 arcsec/pixel for the 250 µm image, 10 arcsec/pixel for the 350 µm image, and 14 arcsec/pixel for the 500 µm image.
Prior to the SED fit, we convolved the images at 160-350 µm to the lowest angular resolution of image at 500 µm (∼37 ) and converted these images into the same flux unit (i.e. Jy pixel −1 ). Furthermore, the images at 160-350 µm were regridded to the pixel size of image at 500 µm (∼14 ). These procedures were carried out using the convolution kernels available in the HIPE software. Next, we determined the sky background flux level be 0.211, 0.566, 1.023, and 0.636 Jy pixel −1 for the 500, 350, 250, and 160 µm images (size of the selected region ∼4. 9 × 6. 4; centered at: l = 35
• .208; b = −1 • .47), respectively. To avoid diffuse emission linked with the MCG35.2, the featureless dark field away from the selected target was carefully selected for the background estimation.
Finally, to produce the maps, a modified blackbody was fitted to the observed fluxes on a pixel-by-pixel basis (see equations 8 and 9 in Mallick et al. 2015) . The fitting was carried out using the four data points for each pixel, maintaining the dust temperature (T d ) and the column density (N (H 2 )) as free parameters. In the analysis, we adopted a mean molecular weight per hydrogen molecule (µ H2 =) 2.8 (Kauffmann et al. 2008 ) and an absorption coefficient (κ ν =) 0.1 (ν/1000 GHz) β cm 2 g −1 , including a gas-to-dust ratio (R t =) of 100, with a dust spectral index of β = 2 (see Hildebrand 1983) . In Figure 4 , the final temperature and column density maps (resolution ∼37 ) are presented.
In the Herschel temperature map, the sites, G35.02N and G35.02S are seen with the warmer gas (T d ∼21-35 K) (see Figure 4a ), while the Spitzer dark clouds are traced in a temperature range of about 14-18 K. The horseshoe-like structure is also evident in the Herschel column density map and several condensations are seen toward this structure.
In the column density map, we employed the clumpfind algorithm to identify the clumps and their total column densities. Fourteen clumps are detected above a three sigma noise level in the MCG35.2. These clumps are labeled in Figure 4b and their boundaries are also shown in Figure 4c . The mass of each clump is estimated using its total column density and can be determined using the equation:
where µ H2 is assumed to be 2.8, Area pix is the area subtended by one pixel, and ΣN (H 2 ) is the total column density. The mass of each Herschel clump is listed in Table 2 . The table also provides an effective radius and a peak column density of each clump. The clump masses vary between ∼110 M and ∼4250 M . The peak column densities of these clumps also vary between ∼1.1 × 10 22 cm −2 (A V ∼12 mag) and ∼14 × 10 22 cm −2 (A V ∼150 mag) (see Table 2 and also Figure 4b ). There are at least ten massive clumps (M clump ∼500 -4250 M ) distributed toward the horseshoe-like structure.
3.3. Kinematics of molecular gas A kinematic analysis of the molecular gas in the MCG35.2 is presented in this section. As mentioned before, the 13 CO profile traces the MCG35.2 in a velocity range of 30-40 km s −1 (see Figure 1) . In Figure 5 , we present the integrated GRS 13 CO (J=1−0) velocity channel maps (at intervals of 1 km s −1 ), showing two molecular components along the line of sight. The channel maps show a molecular component associated with the sites, G35.20N and G35.20S in a velocity range of 30-36 km s −1 (having a velocity peak at ∼33 km s −1 ), while the other molecular component is seen at 35-40 km s −1 (having a velocity peak at ∼37 km s −1 ). Hence, we infer the red-shifted and blue-shifted molecular components in the MCG35.2. The sites, G35.20N and G35.20S appear to be seen at the intersection of these molecular components. Paron & Weidmann (2010) also utilized the GRS 13 CO data and presented the integrated GRS 13 CO intensity map and velocity channel maps mainly toward the sites, G35.20N and G35.20S (see Figures 3 and 4 in Paron & Weidmann 2010) . However, the positionvelocity analysis of the MCG35.2 is still lacking.
In Figure 6 , we show the integrated 13 CO intensity map and the position-velocity maps. In Figure 6a , the integrated GRS 13 CO intensity map is similar to that shown in Figure 1 . The galactic position-velocity diagrams of the 13 CO emission trace a noticeable velocity gradient (see Figures 6b and 6d) . In Figure 6c , the molecular emission integrated over 30 to 36 km s −1 is also overlaid on the molecular map. In the background CO map, the molecular emission is shown from 35 to 40 km s −1 . Figure 6c shows the spatial distribution of molecular gas linked with the red-shifted and blue-shifted molecular components in the MCG35.2. Figure 6d also shows a red-shifted peak (at ∼37 km s −1 ) and a blueshifted peak (at ∼33 km s −1 ) that are interconnected by lower intensity intermediated velocity emission, indicating the presence of a broad bridge feature. The broad bridge feature in the position-velocity diagram has been reported as an evidence of collisions between molecular clouds (Haworth et al. 2015a,b) . Furthermore, reported that the complementary distribution is an expected output of cloud-cloud collisions, and the bridge feature at the intermediate velocity range can be explained as the turbulent gas excited at the interface of the collision. In the extended MCG35.2 complex, a possible complementary pair is 32-33 km s −1 and 37-38 km s −1 (see Figure 5) . We discuss the implication of our findings in more detail in the discussion Section 4.
GPIPS H-band Polarization
In this section, we present the large scale morphology of the plane-of-the-sky projection of the magnetic field toward the MCG35.2. Using the GPIPS data, we study the polarization vectors of background stars that are selected based on the conditions (i.e. UF = 1 and P/σ p ≥ 2). These conditions are very useful to select the reliable background stars and the confirmation of these background sources can also be obtained using the NIR color-color diagram (e.g. Dewangan et al. 2015) . As mentioned before, the polarization vectors of background stars give the field direction in the plane of the sky parallel to the direction of polarization (Davis & Greenstein 1951) . In Figure 7a , we display the H-band polarization vectors overlaid on the molecular map. To study the distribution of H-band polarization, we present mean polarization vectors in Figure 7b . Our selected spatial filed is divided into 14 × 10 equal divisions and a mean polarization value is computed using the Q and U Stokes parameters of H-band sources located inside each division. In Figure 7 , the degree of polarization is traced by the length of a vector, whereas the angle of a vector indicates the polarization galactic position angle.
The mean distribution of H-band vectors does not appear uniform. Our analysis reveals a noticeable change in the H-band starlight mean polarization angles between the ZoneI and ZoneII (see Figure 7b) .
3.5. Young stellar objects in the MCG35.2 The knowledge of young populations helps to trace the ongoing star formation activity in a given embedded molecular cloud. In this section, the young populations are investigated using their infrared excess for a wider field of view around the MCG35.2. Various infrared photometric surveys (e.g., MIPSGAL, GLIMPSE, UKIDSS-GPS, and 2MASS) have been employed to explore the YSOs in the MCG35.2. In the following, a brief description of the selection of YSOs is provided.
1. In this scheme, we considered sources having detections in both the MIPSGAL 24 µm and GLIMPSE 3.6 µm bands (i.e. GLIMPSE-MIPSGAL scheme). The GLIMPSE-MIPSGAL color-magnitude space ([3.6]−[24]/[3.6]) allows to depict the different stages of YSOs (Guieu et al. 2010; Rebull et al. 2011; Dewangan et al. 2015) . Following the conditions provided in Guieu et al. (2010) , the boundary of different stages of YSOs is marked in Figure 8a . The color-magnitude space also exhibits the boundary of possible contaminants (i.e. galaxies and disk-less stars) (see Figure 10 in Rebull et al. 2011 ). In Figure 8a , a total of 467 sources are presented in the color-magnitude space. We find 137 YSOs (26 Class I; 38 Flat-spectrum; 73 Class II) and 328 Class III sources. Additionally, two Flat-spectrum sources are seen in the boundary of possible contaminants and are not included in our selected young populations. Together, the selected YSO populations are free from the contaminants.
2. In this scheme, we considered sources having detections in all four GLIMPSE 3.6-8.0 µm bands (i.e. four GLIMPSE scheme). The GLIMPSE color-color space ([3.6]−[4.5] vs [5.8]−[8.0]) is used to identify the infrared excess sources. In the selected infrared excess sources, various possible contaminants (e.g. broad-line active galactic nuclei (AGNs), PAH-emitting galaxies, shocked emission blobs/knots, and PAH-emission-contaminated apertures) are removed using the Gutermuth et al. (2009) schemes. Furthermore, the final selected YSOs are classified into different evolutionary stages based on their slopes of the GLIMPSE SED (α 3.6−8.0 ) computed from 3.6 to 8.0 µm (i.e. Class I (α 3.6−8.0 > −0.3), Class II (−0.3 > α 3.6−8.0 > −1.6), and Class III (−1.6 > α 3.6−8.0 > −2.56)) (e.g., Lada et al. 2006 ). The GLIMPSE color-color space is presented in Figure 8b . One can find more details about the YSO classifications based on the four GLIMPSE bands in Dewangan & Anandarao (2011 Getman et al. (2007) . This scheme yields 17 protostars in our selected region (see Figure 8c ).
4. In this scheme, we use the NIR color-magnitude space (H−K/K) to depict additional YSOs. We used a color H−K value (i.e. ∼2.35) that separates H−K excess sources from the rest of the population. This color condition is chosen based on the color-magnitude plot of sources from the nearby control field (size of the selected region 12. 1 × 8. 7; centered at: l = 34
• .898; b = −1
• .023). Using this color H−K cut-off condition, 246 embedded YSOs are selected in the region probed in this work (see Figure 8d ).
Using the analysis of the photometric data at 1-24 µm, we obtain a total of 499 YSOs in our selected region around the MCG35.2 (as shown in Figure 1 ). The positions of all these YSOs are shown in Figure 9a . These YSOs are seen within the entire molecular cloud.
Study of distribution of YSOs
In this section, we study the spatial distribution of our selected YSOs using the standard surface density utility (see Gutermuth et al. 2009; Bressert et al. 2010; Dewangan & Anandarao 2011; Dewangan et al. 2015 , for more details), which can allow us to depict the individual groups or clusters of YSOs. Using the nearest-neighbour (NN) technique, the surface density map of YSOs was obtained in a manner similar to that outlined in Dewangan et al. (2015) (also see equation in Dewangan et al. 2015) . The surface density map of all the selected 499 YSOs was constructed using a 5 grid and 6 NN at a distance of 2.0 kpc. In Figure 9b , the surface density contours of YSOs are presented and are drawn at 5, 10, and 20 YSOs/pc 2 , increasing from the outer to the inner regions. The positions of Herschel clumps are also marked in Figure 9b . We find noticeable YSOs clusters toward all the Herschel clumps in the MCG35.2. The Herschel clumps are very well correlated with the CO gas and YSOs. Furthermore, majority of the YSOs clusters are found toward the horseshoe-like structure. The sites, G35. are seen toward the Herschel clumps #1-3, where the intense star formation activities are traced. Additionally, radio continuum emission is also detected in at least two out of these three clumps (see Figure 3a) . Krumholz & McKee (2008) suggested a threshold value of 1 gm cm −2 (or corresponding column densities ∼3 × 10 23 cm −2 ) for the birth of massive stars. Hence, theoretically, the birth of massive stars in these Herschel clumps is likely (see column densities in Table 2 ). Previously, Sánchez et al.
(2014) referred the G35.20N as the main site of MSF (also see Beltrán et al. 2016) . In Section 3.1, we find that the H ii region associated with Ap2-1 is very young (i.e., ∼4100-32800 yr) and is excited by a radio spectral type of B0.5V star. In addition to the YSOs clusters, there is also ongoing MSF in the Herschel clumps #1-3 located at the base of the horseshoe-like structure. It is also worth mentioning that these three Herschel clumps have masses more than 1000 M and peak column densities between ∼4.2 × 10 22 cm −2 (A V ∼45 mag) and ∼14 × 10 22 cm −2 (A V ∼150 mag) (see Table 2 ). The radio continuum emission is not observed toward the remaining Herschel clumps (i.e. #4-14), indicating the absence of the H ii regions in these clumps. Hence, it implies that these remaining clumps appear to harbor the clusters of low-mass stars. The study of distribution of YSOs convincingly illustrates the star formation activities (including MSF) in the MCG35.2.
DISCUSSION
A recent demonstration of the tool of a broad-bridge feature concerning the cloud-cloud collision is given by the position velocity analysis of molecular gas. Recently, Haworth et al. (2015a) and Haworth et al. (2015b) carried out simulations in favor of this understanding (also see Torii et al. 2011 Torii et al. , 2015 Torii et al. , 2016 Fukui et al. 2014 Fukui et al. , 2016 Dewangan et al. 2015; Baug et al. 2016) . In addition to the broad bridge feature, one can also expect the spatially complementary distribution between the two clouds in the sites of the cloud-cloud collision (e.g., Torii et al. 2016) . Fukui et al. (2014) and Torii et al. (2015) discussed that the cloud-cloud collision process can also trigger the birth of massive stars (also see Fukui et al. 2016; Torii et al. 2016) . Fukui et al. (2016) pointed out that the H 2 column density is the critical parameter in the cloud-cloud collision scenario and also reported a threshold value of 10 23 cm −2 for the birth of the massive star clusters such as RCW38. They further suggested that a single O star can be formed at molecular column density of 10 22 cm −2 . There are some star-forming regions reported in the literature where the cloud-cloud collision process is likely and Torii et al. (2016) provided a Table 2 containing the physical parameters of the cloudcloud collisions estimated in the earlier studies.
In Section 3.5, the photometric analysis of point-like sources has revealed ongoing star formation activities throughout the MC35.20. However, the majority of the YSOs clusters are distributed toward the horseshoe-like structure where ten massive clumps are detected. The intense star formation activities are also investigated at the base of this structure where the previously known sites, G35.20N and G35.20S are located. Recently, Beltrán et al. (2016) reported the presence of a binary system of ultra-compact/hyper-compact H ii regions at the geometrical center of the radio jet in G35.20N. They further found that the binary system, which is associated with a Keplerian rotating disk, contains two B-type stars of 11 and 6 M . The sites, G35.20N and Ap2-1 are revealed as the active sites of MSF and are extended by about 4.5 pc. Furthermore, the sites, G35.20N and G35.20S (including Ap2-1 and Mercer 14) are found at the intersection of two molecular components (having peaks at 33 and 37 km s −1 ) in the MC35.20 (see Section 3.3). The velocity separation of the two cloud components is depicted to be ∼4 km s −1 . We also investigate a broad bridge feature in the velocity space and the complementary distribution of the two molecular components in the velocity channel maps. All these characteristic features of cloud-cloud collision are evident in the MCG35.2, favouring the onset of the cloud-cloud collision process. Using the physical separation (i.e. ∼4.5 pc) and the velocity separation (i.e. ∼4 km s −1 ) of the two colliding cloud components in the MCG35.2, we estimate the typical collision timescale to be ∼1.1 Myr. The dynamical age of the H ii region associated with Ap2-1 is found to be ∼4100-32800 yr. An average age of the Class I and Class II YSOs is reported to be ∼0.44 Myr and ∼1-3 Myr, respectively (Evans et al. 2009 ). Considering these timescales, it appears that the birth of massive stars and the youngest populations is influenced by the cloud-cloud collision. The observed high column densities toward the clumps further support this interpretation (see Table 2 ), which contain massive stars. However, the stellar populations older than the collision timescale may have formed prior to the collision. Hence, we cannot also rule out the star formation before the collision in the MC35.20.
Another result presented in this study is that a noticeable change in the distribution of the starlight Hband polarization vectors in the MC35.20. It is known that the large scale magnetic field structure projected in the sky plane can be inferred using the starlight Hband polarization data and the aligned dust is utilized to probe magnetic fields. Taken this fact, the interaction of molecular components could influence the dust distribution and appears to be responsible for the variation in the polarization angles.
SUMMARY AND CONCLUSIONS
In this paper, we have utilized the multi-wavelength data covering from optical-Hα, NIR, and radio wavelengths and have carried out an extensive study of the MCG35.2. In the following, the important outcomes of this work are presented.
• The molecular gas emission in the direction of the MCG35.2 is traced in a velocity range of 30-40 km s −1 . There are two noticeable molecular components (having velocity peaks at 33 and 37 km s −1 ) detected in the MCG35.2.
• The most prominent structure in the MCG35.2 is the horseshoe-like morphology traced in the infrared and millimeter images.
• The distribution of ionized emission toward Ap2-1 observed in the MAGPIS 20 cm continuum map and Hα image is almost spherical. The ionizing photon flux value estimated at 20 cm corresponds to a single ionizing star of B0.5V-B0V spectral type.
• The position-velocity analysis of 13 CO emission depicts a broad bridge feature which is defined as a structure having two velocity peaks (a red-shifted (at 37 km s −1 ) and a blue-shifted (at 33 km s −1 )) interconnected by lower intensity intermediated velocity emission. Such feature can indicate the signature of a collision between molecular components in the MCG35.2. These two velocity peaks are separated by ∼4 km s −1 . The study of molecular line data also shows a possible complementary pair at 32-33 km s −1 and 37-38 km s −1 within the extended MCG35.2 complex.
• Fourteen Herschel clumps are identified in the MCG35.2 and ten out of these fourteen clumps are seen toward the horseshoe-like structure.
• The analysis of photometric data at 1-24 µm reveals a total of 499 YSOs and these YSOs are found in the clusters distributed within the molecular cloud. Interestingly, majority of the clusters of YSOs are found toward the horseshoe-like structure. At the base of the horseshoe-like structure, very intense star formation activities (including massive stars) are found.
• The analysis of the GPIPS data reveals a variation in the distribution of the polarization position angles of background starlight in the MCG35.2.
Based on all our observational findings, we conclude that the star formation activities in the MCG35.2 are influenced by the cloud-cloud collision process.
We thank the anonymous reviewer for constructive comments and suggestions, which greatly improved the scientific contents of the paper. We are grateful to Dr. A. Figure 3a . b) Color-composite map using the Herschel 350 µm (red), 250 µm (green), and 160 µm (blue) images. The CO emission contour (dotted-dashed cyan) is also shown from 35 to 36 km s −1 with a level of 3 K km s −1 , tracing an almost horseshoe-like morphology containing the sources G35.2N and G35.2S at its base (also see Figure 5 ). The scale bar corresponding to 3 pc (at a distance of 2.0 kpc) is shown in both the panels. The column density map permits to identify the clumps and to compute the extinction with A V = 1.07 × 10 −21 N (H2) (Bohlin et al. 1978 ) (see text for details). The identified clumps are highlighted by squares and the boundary of each Herschel clump is shown in Figure 4c . c) The boundary of each Herschel clump is highlighted along with its corresponding clump ID (also see Table 2 ). In all the panels, the CO contours (dotted white) are shown (see Figure 1) . In each panel, the scale bar at the bottom-left corner corresponds to 3 pc (at a distance of 2.0 kpc).
Table 2
The properties of the Herschel clumps identified in the star-forming complex, G35.20−0.74 (see Figures 4b and 4c) . Column 1 lists the IDs assigned to the clump. Table also provides positions, deconvolved effective radius (Rc), clump mass (M clump ), peak column density (N(H 2 )), and extinction (A V = 1.07 × 10 −21 N (H 2 )). Figure 5 . Velocity channel contour maps of 13 CO(J =1−0) emission. The molecular emission is integrated over a velocity interval, which is shown in each panel (in km s −1 ). The contour levels are 20, 25, 30, 35, 40, 50, 60, 70, 80, 90 , and 98% of the peak value (in K km s −1 ), which is also labeled in each panel. In each panel, the position of the NVSS 1.4 GHz peak is marked by a star symbol. In each panel, a solid box (in cyan) depicts the region seen at the intersection of the red-shifted and blue-shifted molecular components in the MCG35.2. The distribution of molecular gas also traces a possible complementary pair at 32-33 km s −1 and 37-38 km s −1 in the extended MCG35.2 complex. (0.15, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 0.98) . Right panels: Position-velocity maps of 13 CO (J = 1-0) emission. In top right panel "b", Latitude-velocity distribution of 13 CO. The CO emission is integrated over the longitude from 34
• .8 to 35
• .5. In bottom right panel "d", Longitude-velocity distribution of 13 CO. The CO emission is integrated over the latitude from −0.
• 6 to −1.
• 1. In the right panels (i.e., position-velocity maps), a dotted red line shows the position of the NVSS 1.4 GHz peak. In right bottom panel "d", the position-velocity map traces two peaks (a red-shifted and a blue-shifted) which are separated by lower intensity intermediated velocity emission (i.e., a broad bridge feature; also see the text). The detection of a broad bridge feature in the position-velocity map may indicate the signature of collisions between molecular components in the MCG35.2. Figure 7 . The distribution of the GPIPS H-band polarization vectors and the GRS 13 CO (J = 1-0) emission. The GPIPS H-band polarization vectors (in red) of 610 stars (with UF = 1 and P/σp ≥ 2) are overlaid on the 13 CO map. b) The mean polarization vectors (in red) are overplotted on the 13 CO emission map. The mean polarization data are obtained by dividing the polarization spatial field into 14 × 10 equal parts and, a mean polarization value of H-band sources is computed within each specific part. In each panel, the degree of polarization is traced from the length of each vector. The orientations of the vectors show the galactic position angles of polarization in both the panels. A reference vector of 5% is drawn in both the panels. In each panel, the background map is similar to the one shown in Figure 1 . In each panel, the scale bar at the bottom-left corner corresponds to 3 pc (at a distance of 2.0 kpc).
